First trimester determination by transvaginal ultrasound of embryonic and fetal characteristics may lead to a more appropriate management in early pregnancy as well as in the second and third trimester. This article describes a number of findings regarding our studies on embryonic and fetal growth as well as embryonic and fetal cardiac activity, in pregnancies established by in vitro-fertilisation (IVF). The most important findings are firstly the time span of about 5 days over which the process of nidation eventually leads to the occurrence of an embyonic heart beat in ongoing pregnancies, secondly the relationship between occurrence and frequency of cardiac activity and the chance of a first trimester abortion and thirdly the different growth curve in comparison to the currently widely accepted curve (the Robinson curve). Our published as well as submitted data relating to these three findings are presented. (5) .
Introduction
One of the most widely used fetal reference curves in early human pregnancy is the curve devised by Robinson and Fleming (Robinson and Fleming, 1975)(1). This curve describes the measurement of the fetal crown-rump length (CRL) in the first trimester and it is cited over 200 times (SCI-Index, 1992) (2) . It fulfils all the criteria proposed by the British Medical Ultrasound Society and it is almost universally accepted (BMUS, 1990)(3). However this curve dates from the time that ultrasound was performed with static abdominal B mode equipment and many improvements in technique have followed. In addition this curve was constructed in women with a regular menstrual cycle. Since then many papers have appeared that have shown that the moment of ovulation may differ considerably. Nowadays techniques such as IVF/ET allow precise timing of conception; in addition ovulation may be detected by LH peak timing as well as ultrasonic assessment of follicle implosion in natural pregnancies.
One of the earliest signs of an intact pregnancy is the occurrence of the fetal heart beat. This phenomenon can be distinguished as soon as the embryonic plate has reached a size of 2-3mm, so almost synchronously with the first possible measurement of the embryonic length (EL).
This paper describes our published as well as submitted data on the occurrence and normal development of the fetal heart beat as well as transvaginal measurements of the EL and CRL in the first trimester. 
Frequency of heartbeat
In addition to the start of the heart beat the fetal heart frequency was followed in the first two weeks. There was a clear correlation between the frequency in relation to the gestational age as well as the CRL. (Schats et al 1990a) (4) . Fig 4 shows the relationship between the CRL and the embryonic heart rate in the ongoing pregnancies. The fetuses that aborted not only tended to start their heart activity later, but almost invariably had a lower frequency and tended to deviate from the curve. There was a correlation between the difference in occurrence in cardiac activity and in CRL as can be shown in Fig 3; the fetuses that expressed their heart beat later were also smaller. Therefore the heart beat first occurred at approximately the same size of the fetus regardless of the time from ovulation.
Beginning of heart activity
From 1985 onwards we used transvaginal ultrasound as the exclusive technique for follicle monitoring and puncture, and for early pregnancy detection. Transvaginal ultrasound allows much earlier detection of the embryo as well as embryonic heart beat in comparison to abdominal ultrasound. A study to demonstrate this point was performed in our IVF program. In a pilot study in 1987, of 23 IVF patients we could never detect fetal heart beat before 25 days after follicle aspiration (FA, day 0). We performed daily ultrasonic detection of the heart beat as well as EL and CRL in a subsequent group of 47 women from 25 days onwards until the heart beat was demonstrable, and at 2-3 day intervals thereafter until day 42. In this group there was a considerable spread of 9 days during which the heart rate would be detected; however there was a relationship between pregnancy outcome: in ongoing pregnancies the embryonic heart beat was visualised first between day 25 to day 30, in those that aborted in the first trimester this ranged between day 27 and 33. (Schats et aI1990a) (4) .
Earliest Detection of Fetal Heart Beat and Embryonic Plate
One should realise that fetal heart activity in early pregnancy is just a rhythmic contractile pattern of the cardiac tube which does not yet lead to circulation. However for simplicity this phenomenon will be called 'heart beat'.
Measurements of Embryonic Length and Crown-Rump Length

Embryonic length; early first trimester
As there appeared a small but distinct difference in early pregnancy between the measured length of the embryo in relation to the Robinson curve, in the same patients as above; the EL and CRL were measured and a reference curve was produced. (Schats et al1991) (6) .
The measured values were compared with those derived from the regression analysis of the Robinson data as well as the mean actual daily values of Robinson's data (1) . Fig 5 and 6 show our measurements in relation to both the regression curve and the actual values. The original number of measurements in the Robinson curve were on average 6 per day, in the present curve on average 20 per day. The Robinson curve, based on regression analysis differed from the transvaginal measurements, however the original data were remarkably similar except from those on the very first day. Thus it seems that the regression analysis heavily depends on the first day measurements. We attributed the difference of the first day to inclusion of parts of the yolk sac in at least some of the measurements. 
Accuracy and reproducibility studies
The accuracy of the in-vivo measurements was established using the RMI tissue mimicking ultrasound phantom, Model 414A. (RMI) (7) . With this model measurements can be calibrated between 2mm and 7cm. Initially calibrations were performed in the radial direction; they turned out to be reliable and measured length corresponded well with true length in the phantom. (eg a slight overestimation of on average 0.2mm at Scm). However after discussion at the BMUS society meeting in December 1992 we realised that the fetus late in the first trimester is almost invariably measured transversely. This prompted us to calibrate the equipment correspondingly. To our surprise there turned out to be considerable probe dependent differences. Four probes were tested on two ultrasound machines (Diasonic DRF 400, 3.5 and 5MHz and DRF 400 F with 5 and 7.5MHz transducers). The 400 F, 7.5MHz transducer, with which all measurements were done, yielded an average overestimation of 7.8% (eg on average 5.064mm on the transverse length of 6.5cm at a depth of 4cm). Therefore -after the BMUS meeting we -had to correct our data for this unexpected finding. The 400 F, 5MHz, which is used for follicle puncture, had an overestimation of 2.0% (on average 1.3mm in the same situation). The DRF 400, 5MHz transducer which is used for obstetrics and for comparison with natural pregnancies had a transverse overestimation of 8.0%.
IVF versus natural pregnancies
As IVF pregnancies might differ from spontaneous pregnancies, they were followed in the second and third trimester and birth weight and GA at birth was noted. All these were within the normal distribution for singletons, twins and triplets.
Crown-rump length: later first trimester
A unsuspected finding late in the first trimester was that many fetuses had a CRL as measured by transvaginal ultrasound above the 95th percentile of the Robinson curve. This prompted us to verify a number of features in our program: The measurements were repeated in the same fetuses on the same occasion up to five times.
Longitudinal Analysis
Not all fetuses were measured as often: some were only measured twice; some were measured up to seven times.
Verification of Non IVF Pregnancies
These curves were verified in a heterogeneous group of pregnancies of known duration after infertility treatment other than IVE Ovulation was exactly known by LH peak timing or ultrasound detection of follicle implosion.
In theory, unequal contributions by different numbers of measurements in different fetuses could diminish the validity of the curve. Moreover measurements from the same fetus and the same pregnancy are not independent. Thus the best fit longitudinal curves were constructed using a random effects model for longitudinal data (Laird NM et al 1982) (9) . All growth curves combined for singletons, twins and triplets led to the construction of best fit p5<" P'" and p90 curves. This curve was almost identical to the one derived from the cross-sectional data. For routine daily use we advise the use of the latter curve for the determination of G.A. as well as for the monitoring of fetal growth.
In addition we also felt the necessity to relate the curve to natural pregnancies in a normal obstetric population. As the most pronounced difference between our curve and the Robinson curve was present between week 10 and week 14 amenorrhoea, we performed the following check in our obstetric program. Whenever we measured a CRL between 1 and 2cm (the area at which both curves are identical) we asked the patient to return after 4 to 5 weeks. Then a second measurement was performed. This was performed in approximately 100 natural pregnancies in which subsequent delivery has taken place, and another 100 that are at present ongoing. The majority of second measurements were above the p5<l of the Robinson curve. There is no doubt to us that this curve also applies to 'normal' pregnancies. Table 1 . p50 =-0.314646 -0.018895 x days + 0.001486 x days 2 plO =p50 _ 1.28(-0.245 + 0.001042 x days) p9D =p50 + 1.28(-0.245 + 0.001042 x days) days =days after follicle aspiration
EL/CRL measurements
Between February 1989 and April 1991 we followed 221 IVF pregnancies in the first trimester (VAN OS et al, 1993) (8) . Measurements were started on day 28 to 31 after follicle aspiration, and then on average every two to three weeks depending on travel distance and the patients preference only. The data was only analyzed if the pregnancies led to the delivery of at least one live infant in the third trimester. The distribution of the gestational age (G.A.) of the singletons at birth showed that about 10% of fetuses delivered before 37 weeks; this value is similar to that of natural pregnancies. The same held for twins and triplets when compared with the duration of natural multiple pregnancies. In this way 1119 measurements were performed (of which 3 were early in the second trimester) .
Vanishing Fetuses
One of the well known but still striking findings in multiple pregnancies is the demise and subsequent disappearance of fetuses in the first trimester, even after occurrence of the fetal heart beat. In a previous study we found a 12.7% abortion rate (7/55) after occurrence of the heart beat, had been detected (Schats et aI1990a) (4) . In the present study 15% of all multiple pregnancies thus reduced in size and 6.7% of multiple fetuses vanished after the heart beat had been detected. Table 1 shows this data. For the analyses pregnancies only were included that contained the same number of fetuses in the beginning and at the end of the first trimester. 
Data Points
Cross-sectional Analysis
In the first instance all data were pooled together as if they were independent from each other, and a best fit curve was constructed for the P'", p50 and p90 of singletons, twins, triplets and the quadruplet by regression analysis.
The curve for singletons, twins and triplets were statistically similar, the only quadruplet was slightly different and was discarded for the analysis. Thus a best fit cross-sectional curve was constructed which is shown on Fig 9 in comparison to the Robinson curve, both corrected for equipment. The best fit curve was a second degree regression equation as shown below:
In conclusion the vast majority of measurements were above P of the Robinson curve. In view of this difference we decided to construct a new reference curve for the CRL for transvaginal measurements.
How to Explain the Difference?
We found the most logical explanation of the difference between both curves as follows. The Robinson curve was constructed by static B mode abdominal ultrasound using a 2.5 MHz transducer. One had to 'paint' a picture, which required a considerable skill, and which also meant that the fetus had to remain still during the process of 'painting'. However when the fetus is resting it is mostly curved, and not in a stretched position. Whenever the fetus moved and stretched itself, the process had to be repeated.
Nowadays equipment has improved considerably: using real time, grey scale transvaginal 5 to 7.5MHz images which can be frozen at any moment. We only measured the fetus in the stretched position. In the vast majority it is not necessary to wait for longer than a few minutes before fetal stretching occurs.
Should One Measure the Fetus in a Flexed or in a Stretched Position?
There is no doubt that the only true CRL is the one in a stretched position. However some people argue that in a routine program there is no time to wait for this phenomenon, and that one has to resort to the measurement in a flexed position. However as a considerable number of fetuses also lie in stretched position, this means that the accuracy of such an approach may be considerably less. We therefore find that one should only measure at the moment the fetus is stretched.
